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OBJECT 

To investipate the effect of vary-np the flee1 ette size and 
the cone  anple  of dispersion  on  vhe  lethal  potential   of a round 
of 75 nun canister ammL^nition. 

SUMMARY 

The 75 mm canister , T30 series, was analyzed uslnp the lethal- 
area j sinple-s1 ot concept. Velocity ^ocay curves und a rrovisional 
casualty criterion from the data irx  the available literature were 
estir'.ated and were used for tl 1r purpose. The calculations revealed 

t^at an 8-praln frapment and a ccr.e  anple of dispersion of f0 will 
produce the most ef^ectiAV; weapon for the fJ^E\ 1000  feet of range5 
the expected lethal area for this combination is 29,000 square feetj 
an eiphteenfold increase over the T3ÜE2 ball-loaded canister pre- 
viously submit tod to the Field Forces,, The calculations further 
showed t1 fit for that portion of the field of fire extending to the 

maximum lethal ranpe a larger frapment (leavier thai 18,5 prains) 
and a smaller cone anple (approximately 1 ) will produce tl e 
greatest number of enemy incapacitations. The lethal area for this 
combination is approximately 65,000 seuare feet. Only IIS  of these 
incapacitations will, 1 owever? occur to troops in the first 1000 
feet of range, where V e preatest threat from a massed infantry 
assault exists, 

RECOMMENDATIONS 

It is recommended that this analysis be repeated when more 
refined data become available and that the tentative conclusions 
then be re-examined. 

1 
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INTRODUCTION 

1, The vork descrilod  in  this rerort was performed under 
Project TA1-SÖG3, Res^.-u":5   v; •  Dev lopincnt ■■-■£ Fin-3tabilized 
Frafmunts and Projer.til ef,    Tre  m.üjor   .vpr1.;i3&  involved  are Pica- 
tinny Arsenal^  Dover,  Nev; Jersey, Watertcv/n Arsenal^ ^atfirtown, Massa- 
chusetts;  and  Internationa] Ilar-vrötor Company, ^vannviile, Indiana. 
This work is rart of t'c rosoan'   [hase  of f c   ^•timurn canister am- 
munition proprun for  r^ali^ers ranpinp from 4O n;r! to 120 mm.    The 'o 
mw. T30 canistpr is tie prototype for ulci.-.ate canister ammunition de- 
sipn in all other calibers, 

THE PROBLEM 

2, The problem vas to investipate the  effect of varyinp flechette 
size and cone angle of dispersion on the lethal potential of a round 
of 75 mm canister ammunition. The method of analysis c' osen was the 
sinple-shot defensive lethal area concept (Refs 1 and 2.) dictated, in 
the case of tank systems^ by t1 e stowage problems inherent in special- 
purpose canister ammunition, 

3, To apply to flechette-loaded canister the same analysis that 
had previously been used to evaluate ball-aru-slug loaded items, it 
was necessary that the following data be available? 

a. Fragment damage and payload data 
bo Initial fragment attitude (or yaw angle) data 
c. Velocity decay data for all angles of initial attitude 
d. A casualty criterion for assessing the lethal effect of 

a single dirrctionaiized fragment 

4-, It was also necessary to develop a statistical method of adding 
the contributions of each group of fragments (classified by initial at- 
titude) to obtain tl-e total effect of all fragments at each range. This 
calculation was not required for ball-loaded canister, since all spheri- 
cal fragments have essentially the same velority decay characteristics, 

5. Much of the data used in the present report was either inter- 
polated or estimated, and therefore the calculations and conclusions 
drawn can serve only as order-of-magnitude approximations. Within this 
framework, however, several important conclusions can be reached re- 
garding g 
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a. The ef^ectVenosa of' flechette-loaded canister as com- 
pared with tie equ-'valent ball-loaded caaistero 

bo The effect of voryinf thf? cone anpl e of disporsiono 

6, Precise calculations r^fnralnp "optimtim" cone anpTes and 
"optimum" flechette weip; ts must await more refined data, Hov/evorj 
it is considered that reasonable results are obtained '■ erein, 

ThE FAMILY CfF FLRCl'KT^S STUDIED~°FARA^TMS AQ^!'0N IQ ALL 

70 The parameters Tonron to all designs studied in tf is report 
are summarized in Table le T;ic maximum .IOHP anfle of disppralon 
(13 „58°) and the payloaa [^1%)  !'a-i ..en previously attained vith 
the 75 mm canister, T30F.10 (Ref 3]» With tl is design, approximately 
35f  of tie frnpments vere damared in firing„ However, it appears 
reasonable to assume that t1is fercentage will be reduced as the de- 
velopment proceeds» A damage figure of 20%  was, therefore, assumed 
and used throughout t' is study» (This corresponds to an effective 
payload of 4..8 lbs per canister» All damaged fragments are assumed 
to be ineffective,,) 

8. The approximate dimensions of the family of flechettes 
studied (6 - 180$ grains) are given in Table 20 Tie dimensions of the 
8-grain fragment correspond to International Harvester Company design 
FL-17j the dimensions of the 12 and 18o5-grain fragments correspond to 
Rheem Manufacturing Company models lOf and Xb, respectively. All 
other weights are scaled from these designs0 A qualitative sketch of 
the family of flechettes is shown below. 

9o The choice of dimensions for scaling the flechettes was largely 

a matter of judgment. A search of the literature failed to reveal any 
close agreement among the various contractors involved in developing 
weapons using flechette loads? except t' at all were agreed the fragments 
should have four fins» Most contractors were also agreed than an all- 
steel, straight-bodied fragment would be satisfactory, A tapered body 
or a weighted nose fragment had previously been tested by several con" 
tractors and been found to be of marginal value. One contractor strongly 
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recomrended the \iso  of steel nope;, plastic boom and fin assemblies; 
another considered the use of h-ass frarments; and a third advocated the 
use of all steel frapment.s. i;-;l+ vith 2C  canted fins. Any of tvese 
rapdificati':-n? mig! t \ r:e  a S?^M ^ .,jrr. n'roct  on th^ performance of 
irr venion, from i . t.;. a-. ae:-v-'^ ' ^■■>oint u.^d s --unf billibticH 
standpoint. However, it is considered -chat none would invalidate the 
findings of this order-o:-magnitude stuJy» Th.e v.nyund ballistics es- 
timates used in this report were based in part on performance of the 

Armour 8-grain fragment vrni/n h^' a r.ose ängi- of about Ap0» Since 
this variable is thought to nave  considerable influeu'j-. on the pene- 
trating ability of tl e fragmöntc it is sugresbed that it be made a 
common feature of the family of flecbettsi, 

INITIAL FIUGJ.^flT^ATTT^I'DE AITO.tV^LOvlT;^D^CAVr..DATA 

10,, Th.e velocity decay of a finned fragment depends on the fol- 

lowing factors § 

ao Initial attitude„ 
be Initial velocity, 
Co Weiglt of fragment,, 
d0 Distance between center of pressure and center of gravity 

(controlling before stability is achievedj if fragment is 

unstably launched), 
e. Drag inducing contour (controlling after stability is 

acl ieved), 
fo All other factors including initial angular velocity, 

cross-windss etce 

118 Among the earliest contractors to recognize this condition 
was A. D, Littles Incj engaged in developing a warhead for a rocket 
application., After some preliminary theoretical work (based on maxi- 
mizing the distance between center of pressure and center of gravity), 
experimental firings of individual fragments of more than a dozen de- 
signs were conducted0 Fragments were launched both fin-first and 
point-first, and both superscnically and subsonically» This work, 
which is summarized in Reference 4.? b£is found little general application 
however, becauseg 

a. All fragments were limited to an 8 grain weight, and 
b. The range over which data was obtained was only 100 feet, 

12, Some typical velocity decay curves for A, D, Little flechettes 
are reproduced in Figures 1 and 2,    To provide a common basis for com- 
paring the velocity decay curves of all contractors, it was necessary 

to extrapolate the data to a common initial velocity, 2030 ft/sec. 

The accepted drag equation, V/Vc B e -KR was used for this rurp0See 
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13o Shortly after t! e A, D. Little investigation, a completely 
theoretical study of tie behavior of finned fragments under different 
conditions of initial launch was prepared by Aircraft Armaments, Inc 
(Ref 5). Among t^e fields Investigated in this study vereg velocity- 
range losses due to initial angular velocity (tumbling), range at 
which tumbling ceases and oscillation starts, and velocity-range losses 
due to oscillation,, Some theoretical equations were also presented for 
stably launched fragments„ Among the more important conclusions 
reached was that a fragment launched vitt an angular velocity of less 
than 1000 radians per second will behave in essentially the same ray 

\ as a fragment launched fin-first (^" V)    witb zero angular velocity« 
A curve was also furnis! ed for a fragment launched sideways (^ "^/g)« 

This fell between the ^ « W and &  ~    C  curves but cloücr to 0 " W 
I      curveo 
i 

i 

j 14» Aircraft Armaments0 theoretical curves were for a 16-grain 
|      fragment. The & s ff and   $ B    0  curves for this fragment are re- 

produced in Figures 3 and 4-> respectively0 Subsequent investigations, 
j j    by Rheem Manufacturing Company (Ref 6) and later by Aircraft Armaments 

(Ref 7), revealed tlat the 6 5 It curve predicted too rapid a fall- 
off and the 0*0   curve too little fall off. The latest Aircraft 
Armaments designs (models D and 0, whose velocity decay characteristics 
are also shown on Figures 3 and 4)j when tested experimentally over 

I      a 300-foot range produced results which are fairly consistent with 
V      the findings of Rheem Manufacturing Company,, The latter weighed ap- 

;      proximately 11 grains» 

| 
i 15» The most extensive velocity decay data was gathered by Rheem 
[ Manufacturing Company (Ref 8)0 Rheem8s data covered two fragment weights 

18„5 and 12 grains (models Xb and lOf) and included a considerable 
^     range of initial velocities (the highest 2400 fps)8 The data, which 

were collected over a 700-foot range for the fin-first firings, were 
extended to about 2500 feet by piecing together adjacent nose-first 
curveso Unstable and stable launch curves for these fragments are 
given in Figures 3 and 4j respertivelyo Rheem also extrapolated this 
data (using the drag equation discussed previously) to obtain curves 
(Figs 1 and 2) for an 8°grain fragment (model 10b)„ 

l6o Additional velocity decay data available at the time of 
writing included some estimates by International Harvester Company 
for an 8-grain fragment (personal communication)0 These curves (Figs 1 
and 2) are fairly consistent with A0 Do Little's data and Rheem

8s 
extrapolation except that the final velocity fall-off appears to be 
too rapid« In addition, some experimental data for a 22~grain fragment 
(model FL-7A) were obtained over a 75"foot range (Ref 9)„ However, 
these data (Fig 4) are too United to be conclusive0 

9 
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17. Of all the data available, the curves of Rheem Manufacturing 
Company af]ear to be most reliable. These are reproduced as solid 
curves on Fipures 5 and (■   for stnble and unstable launches, respectively. 
The dasl ed curves for 6p 10, l/(? and 16 prains are interpolated„ It 
is to be noted that these curves do not necessarily represent the family 
of flee! ettes studied in this report, paroicularly in. the range of 6-10 
groins. However, vithin tie framework of an order-of-magnitude analysis, 
they are considered adequatea 

18. Data on the initial flcchette attitude distribution were 
completely lacking. It was considered reasonable to assume, however, 
that no fragments would be launched with an angular velocity greater 
than 1000 radians per second, and therefore, t' a worst condition of 
launch would be the fin-first { $ - TT )  curve. It was further hypo- 
thesized that the distribution of initial flechette attitudes would be 
essentially random between the limits of the $ E ^T curve and the ^ =0 
curves, and that this condition would be relatively unaffected by the 
method of stacking the fragments within the container. As an approxi- 
mation, therefore, l/3 of the undamaged fragments were assumed to be 
launched with a ^ = TT attitude, l/3 with a   $ * ^12 ^titude, and l/3 
with &   $ c    0 attitude. The velocity decay for the $aV i2  1j-aunG^ 
was taken as midway between the other two curves0 

19. Considering the type of analysis conducted, the assumptions 
made regarding the distribution of initial flechette attitudes will 
not lead to serious errors. This is particularly evident upon close 
comparison of Figures 5 and 6, The difference in equivalent range be- 
tween a stable and unstable launch is usually no more than 150 - 300 
feet, considerably less than one might expect. The stable launch curves 
apparently drop off quite rapidly, initially, since the velocities are 
in the critical region of Mach numbers. This is the same region in which 

V   zfr QX&  &  = ^r/? launches show a large velocity drop due to 
stabilization. Hence, essentially the same conclusions would have been 
reached regardless of the assumptions made concerning the initial 
flechette attitude distribution. 

A PROVISIONAL CASUALTY CRITKRION M JI^Cn0M[^^F!M^m 

20. The family of curves (Fig 7) entitled "Provisional Probability 
that a Single Hit Will Incapacitate Assault Troops", are inferred from 
data presented in Table IV of Reference 10 for the Armour 8-grain 
flechette. It is estimated therein that tie 8-grain fragment will per- 
form as follows? 

6 
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SINGLE TIT IliCAFAGITATION PROBABIT.TTTr.S (PH,K) 

Incaracitation Time;  30 sees $ mins   IQlMxfl      12 hours 

STRIKING 

VELOCITY 

Under- 200 fps 
A50 fps 
900 fps 
900-1800 fps 
Over 1800 fps 

 Ineffective—-— 
0oll    O.U    0,18     0.26 
0,17   0.24   0.29     0.41 
0.17   0.2A    0.29     0,41 
More effective because of likelihood of 

tumblinp in the wound. 

21. The generalization to flcchethe veipHs other than 8 
prains, is made on the assumption that penetration intc human 
tissue is proportional to MV/A (for ion-tumbling fragments) and that 
equal penetrations will result in equal probability.ns of incapaci- 
tation (Ptr xr) o As in Reference 1 (for random-shaped fragments), 
the data I dve been plotted on a semi-logarithmic scale with time 
to incapacitation as abscissa and W/A as parameter. The data have 
again been found to correlate to straight lines. The hashed lines 
shown in Figure 7 are interpolations. 

22. As mentioned previously, it is suggested that the data 
are applicable only to fragments duplicating the nose contour of the 
Armour fragment (45° nose angle), Data recently presented by the 
Chemical Corps indicate that serious deviations from the VY/k 
correlation v.'ill result from disregarding this limitation, 

MODIFICATIOUS TO STATISTICAL THEORY PR^/IQUSLY USED FOR CANISTER 
EVALUATION 

23. Since it was assumed in this analysis that essentially three 
groups of effective fragments are simultaneously launched {p ~ 7? 9 

//s If 12*  an^ ^ E! 0 )s it was necessary tu develop a method of adding 
the contributions of three groups,, to obtain the total probability of 
incapacitation (P^) at each range0 Rigorously, 

PK w/^H' " PKO ) + ( PKO PK W/k ) (I - P|< 17 ) 

PK'f pK wJ0 - PKOHI - PK w/e)-t" 

+(PKjrpKoKl-PKir/2)+(PK; 

-KPKWPKOPKTT/Z) 

PK- PK7r+PKo+ pt.Tr/z ' PKTpKfl/2 "Pkir pKo-pKopK7r/j+ PKy^oWa 
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2A. Tie individual Pj^'s of each proup can be readily evaluated 
by t!"e binomial theonm as follows (Ref ?.)% 

PKom|-('-PH,Ko)FHo 
pf<s/2= l-C'-PH.Kr/^)5"^  "hirs EH is the exFeoted 

r, jnber  of hits  per target 
pi n r. \ in eacn  proup« 

25«    For tie type of analysis  ■sontained   in this report,  it is 
more convenient to substitute  r.l c Poiiron ajproxirnatiori for the 
binomial distributiorij  since simplified numerical procedures will 
result.      Henceg 

PK 
::: I "" 6 ""    ^ where Rv is the expected number of incapacitating 

wounds per target0 

However,  since it has been assumed thats 

•'• EK = ^ (PH,^ + PH,KO + PH.KJTA) = §* (^ PH.K) 

I ANDPK = l-e"^(^PH,K) 
i 26o All other statistical calculations are the Game as those 

given in References 1 and 2, 

SAMPLB. _C_ALCULAT IQJ 

27. A sample calculation for an 8-grain fragmentj a cone angle 
of 80j and at a range of 4OÜ feet is as followsg 

a8 T - time to incapacitate = 1"^ s   M'rlSg B 0»33 
öö Ve    60 (15)   minutes 

Y- is assumed velocity of advancing enemy s 15 ft/sec« 

b. Fragment velocitiess 

Vtfs TT s    56O ft/sec (Figure 6) 

^ * 0 ' 1050  ft/sec (Figure 5) 

__ sec, 
2. 

3 
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RESULTS 

28. 

c. 

d. 

V./k    = B/,OOf 19 = 1290 prains/in  M is mass of frag- 
ment in grains 

A 

MVQ 

MVw/e 

(1290) (560) = 0.723 x 10^ A is projected area 
of fragment in in 

V is velocity of 
fragment in ft/sec 

= (1290)  (1050) =    1,36 x 106 

A 
e- pH,K?r c 

PH,KV2 

^PH,K 

« (1290) (805) s 1.0^ x 1C6 

0,125 (From Figure 7) 

0,157 

G   0,156 

°   0,438 

M     h3 (5.35)  U200) = 9.3 hits/ 
ZT ^(l~C05 oJ      U00)^ (e0024)  target 

where S = area of target :: 5.35 ft^ 

N s effective number of fragments a 4.200 

R s range « 4.00 feet 

0( = 1/2 cone angle = ^0 

^EK = ^(^^K) = ( i^ ) U38) = 1,36 

h, PK 
5 1 -EK : 

3 
.-1.36 

i. frc* 
90 

PKR 
90 

15 0o743 

(i74.3) (4-00) = a.5 feet 

Plots of^TSOPK^ have been m^e  for 7 eights of flechette 
(6,8,10512514-516^ and 18,5 grains) for each of 7 cone angles of dis- 
persion (IV0^0,?0^0,!!0, and 13.6°) and are shown as Figures S-U« 
A similar plot for the T30E2 ball-loaded canister (cone angle 13.6°) 
is also shown for comparative purposes (Fig 9), 

SECRET 



SECRET 

29o The areas ur.rier tl e above curves have teen computed for two 

üirntinf conditions, 100 feet to tl p full maximum lethal ranpe and 
100 feet to 1000 feet. Tie results (lethal area in square feet) are 
tabulated in Tables ,3 and 4. Tie lethal area for tie T30E2 canister 
is 1620 square fer-t0 

30, Lethal area for tie two limitinp londitions described above 
is plotted afainst flrchette \»-eip}-t (ritl cone anple as parameter) in 
Figures 15 and 160 A considerable scattering of points in tie range 
of 8-10 grains was obtained but a smooth caive was estimated. Scattering 
in the 8-10 grain range was probably due to unecual scaling of dimen- 
sions between the Rheem 12-graln (model ICf) and the International 

Harvester Company 8-grain (design FL-17) flechettes, 

31. Since the entire family of curves on Figure 16 reached 
maxima at about 8 grains, the lethal areas for this weight were plotted 
against cone angle (Fig 17) reaching a maximum at approximately 60e 

DISCUSSION 

32e F^amination of the full-range lethal area plot (Fig 15) 
reveals that the maximum lethal area is reached at a very small cone 
angle (1-2°) and at a large flechette weight (heavier tl an 18O5 
grains). The maximum lethal area (approximately 65^000 square feet1) 
is more than twice that obtainable with the optimum flechet+e size 
(1C grains) for the maximum cone angle. The trend indicated ty- this 

family of curves iss the wiiier the cone angle the lighter the 
optimum fragment, 

33» Deeper reflection reveals, however, that a misleading con- 
clusion has been reached. The tactical situation for which the am- 
munition is intended (defeat of a massed infantry assault) calls 
primarily for close range defense beginning at about 1000 feet from the 
weapon. A massed infantry assault even though it began at ranges of 
3000 feet or more would probably be totally Invisible to the de- 
fending crew until the closer range is reached (Ref 12)„ It appears 
advisable  therefore to cut off the lethal area integrations at 1000 
feet and re-examine the conclusions, 

34«. Figure 16, the plot of the latter conditionj yields a com- 
pletely different result. The optimum flechette weight is no?/ approxi- 
mately 8 grains regardless of the cone angle. Furthermore, a cone 
angle of 13,6° will yield 3 times tie number of incapacitations that a 
1° cone angle will0 It is especially noteworthy that only \L$  of the 
Incapacitations obtained for full range with the combination of 18,5 
grains and 1°^ will occur in the first 1000 feet. Thus, the area in 
which the greatest destruction is desired is the least affected. 
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35. The riot of lethal area vs cone anple for tve optimum 
flechette weight (Fig 17) reveals 6° to provide maximum lethal area. 
Angles smaller than 6° yield a rapid fall-off in lethal area while 
larger angles result in a much less rapid decrease. Thus, the maxi- 
mum cone angle (13.6°) provides 23,000 square fert of lethal area, 
a decrease of only 20^ from the optimum cone angle. When this is 
compared with the lethal area of the T30E2 canister (1620 sruare fert), 
the drop is insignificant. 

36. It is thus evident that -allcombinations of an 8-grain 
fragment and a cone angle larger than 6° will yield from \U  to 18 times 
the lethal potential of the T30F12 canister. Below 6° or 8 grains, 
the lethal area falls off rapidly, Flechette weights greater than 
8 grains (up to 18,5 grains) will not produce large decreases of 
lethal area, if the cone angle is approxinately 6°, For larger cone 
angles, 1 cwever, the decreases with increasing fragment size are 
significant. These conclusions are, of course, tentative since they 
are subject to the restrictions of the order-of-magnitude analysis 
conducted, 

37. The concept of restricted cone angles of dispersion is a 
relatively recent one for canister ammunition. All previous ball 
and slug loaded items have been designed for the maximum spread ob- 
tainable (limited by the trist of Feapon and usually 9-14-°, Refs 2 and 
ll), Since the lethal ranges attained by these items v.fere comparatively 
short, serious deviations from the optimum did not occur (the nresent 
study indicated that the shorter the lethal range, the larger the op- 
timum cone angle), For the longer ranges obtained with flechette pay- 
loads, However, more serious discrepancies are present. Restricted cone 
angles are thought to be obtainable by the use of restraining matrix 
materials or by substituting smaller and weaker rotating bands or by 
combinations of the two. It is recommended, however, that experimental 
confirmation of the present theoretical work be obtained before ex- 
penditures are made on canister models exhibiting the restricted cone 
angle properties described herein, 
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TABLE 1 

PARAMETERS COF'ON TO ALL DESIGNS 

Muzzle Velocityg    2030 feot/se- 

Maximum Gone Angles    ]3o5B(: (Reference 3) 

Projectile T7elphtg    U.7 lbs 

Payload;    a/o (6,0 lbs) 

Assume: 20^ Fragment Damage Due to Setback 

Effective Payloads ^.8 lbs 
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